A retrospective study was made of the obstetric outcome of 18252 babies born in West Cumberland Hospital in the years 1975 to 1985. There were 934 premature births (before 37 weeks), 555 small for dates births (under 2.5 kg but not before 37 weeks), 167 stillbirths, 125 neonatal deaths and 236 reported congenital malformations.
Introduction
The question of nuclear energy and its environmental risks continues to be of great interest to the general population. It is thus important that scientific studies examine possible risks to identify those aspects where concern is justified. Previous assessments of the medical risks to populations have concentrated on the carcinogenic potential of radiation discharges rather than mutagenic possibilities and little data are available on obstetric outcomes with respect to radiation risk.
Craft and Birch first raised the subject of childhood cancer in Cumbria in 1983 1 , after a Yorkshire television programme, and this led to other discussions--' and submissions to the Black Report" which found that the case for radiation associated carcinogenesis in West Cumbria was not proven. Sir Douglas Black has recently re-examined this message" and concluded that 'there are ... suggestions of a small but definite increase in childhood leukaemia around places where substantial amounts of radioactive material are being handled'. Gardner et al. reinforced this in their birth cohort study, finding that 'the excess of leukaemia among Seascale children first supported from the analysis of geographical areas is confirmed'". Another recent study of cancer-related deaths in workers at the Sellafield plant of British Nuclear Fuels found little evidence of increased incidence of neoplasia'',
The present study was set up to examine, retrospectively, obstetric outcomes in West Cumberland Hospital during the years 1975 to 1985 inclusive and more specifically to compare the results in a putatively 'at risk' population, namely babies born to mothers resident in the town of Seascale, located close to the Sell afield plant of British Nuclear Fuels, with those of the district as a whole. The idea of the study was to investigate the possibility that obstetric outcomes might be adversely affected by proximity to Sellafield.
The West Cumbria Health District encompasses a population of 137617 people as shown in the 1981 census and is served by one district general hospital at Hensingham, Whitehaven. Almost all of the district's babies are born in the maternity department of West Cumberland Hospital, but a small number may be born at home, a few from the north-eastern corner may be born in Carlisle City Maternity Hospital and a few from the south may be born in Barrow; these are not included in the study. The maternity unit at Workington Infirmary closed in 1980 but babies born there prior to that date have been included. The district may be divided into eight sub-districts based on old parish boundaries and these are shown on the map ( Figure 1 
Sources and methods
During the study period 18 252 babies were born in the West Cumberland Hospital. The obstetric outcomes examined in these babies were premature births, small for dates births, stillbirths, neonatal deaths and congenital malformations. Terminations of pregnancy have not been considered. Geographic data on 399 births including 31 premature births and 9 small for dates births were not recorded and so these babies have been excluded from the study, leaving 17 853 for analysis. In the early 1970s the West Cumbrian Obstetric Survey was set up to allow more detailed analysis of outcomes. This data was retrieved from Newcastle in a form which allowed gestational age and birth weight to be assessed by sub-district. The labour ward records at West Cumberland Hospital were examined to identify Seascale babies (including some from villages closer to Sellafield) and 212 were found during the study period. ' 1'1-e records of monthly perinatal meetings were examined to give numbers of stillbirths and neonatal deaths. Statutory notifications to the OPeS Congenital Malformations Surveillance Programme were also retrieved divided into sub-districts.
Efforts were made to obtain data on miscarriage rates in two ways. Firstly, miscarriage on hospital inpatients is coded under the International Classification of Dlseases'' and data were found for the years 1979 to 1985 inclusive. Secondly, information on FP24 returns for miscarriage from GPs was requested from the Cumbria Family Practitioner Committee -unfortunately, only two and a halfyears worth of returns were stored. Numbers of cases in the latter were too small for relevant analysis and also had a different geographical classification.
Results
Nine hundred and three births with geographic data occurred under 37 weeks and were thus defined as premature.
Five hundred and forty-six babies with geographic data weighing less than 2.5 kg, but not born before 37 weeks, were identified. These are thus defined as small for dates births.
There were 167 stillbirths, 125 neonatal deaths and 236 congenital malformations. Full results by subdistrict are shown in Tables 1 and 2 .
There were 1187 miscarriages in hospital inpatients during the shorter study period out of a total of 13 067 pregnancies with Seascale having 16 (109.6per thousand) from 146 pregnancies.
The observed cases in Seascale for each outcome were compared with the expected numbers based on rates in the rest of the health district. This is shown in Table 3 .
Discussion
The results of this study clearly demonstrate no definite deleterious effects on the fetus in completed Seascale pregnancies -indeed the data seem to show that the babies do largely better, although this was not statistically significant. Gardner et al. in their recent study over a longer period also found a lower than expected incidence of stillbirth and infant deaths. However, it is important to consider whether there are any flaws in the data as presented which might hide real differences. There are four areas where this is possible. Firstly, the social structure and economic welfare of the population of Seascale is strikingly different to that of the surrounding areas, since it contains many scientific and technical workers at Sellafield (28% social class I, 1981 census data), whereas much of the West Cumbrian workforce is unemployed and there are many poor areas. It could therefore be argued that obstetric outcomes in Seascale ought to be markedly better than in the rest of the district and that this might well hide a deleterious effect from radiation leaks. While this is a valid point which has not been allowed for in the data analysis, the results are a useful reassurance as they stand, especially if they prompt further investigations at other sites.
The second potential flaw lies in the absence of strictly comparable miscarriage data. It is well known that most congenitally abnormal fetus are aborted naturally and therefore mutagenicity from radiation might best be demonstrated in the Seascale miscarriage rate. Miscarriage is therefore perhaps the most important of the obstetric outcomes to be examined and it is unfortunate that fully adequate retrospective data were not available. Despite difficulties in relating the reported incidence of miscarriage in the district hospital to its true incidence in the community, the results for miscarriage do not support the possibility that miscarriages occur significantly more frequently in Seascale than in the rest of the health district. For the same reasons given above it is quite probable that women becoming pregnant in Seascale are likely to book earlier with their general practitioners and to more readily appreciate an early miscarriage as being different from a late, heavy period. This might lead to a higher reported incidence of miscarriage in Seascale with the actual incidence being similar to other areas. In addition, no attempt has been made to evaluate whether Seascale mothers have a significantly different age range to mothers from other areas in the health district. Furthermore, the years studied involve a time when the leukaemia-Sellafield 'link' was prominent in the people's minds possibly leading to extra vigilance both from patients and their doctors in Seascale. Thus we may be happy that the data, less complete as they are, give some reassurance in this' outcome as well, since the confounding factors above are only likely to have exaggerated the number of miscarriages admitted to hospital.
The third flaw lies in the overall congenital malformation rates for the district. When figures for West Cumbria Health District are compared with national data, there is such a marked discrepancy that underreporting is likely. The paediatric department of West Cumberland Hospital is aware of this, and vigilance has been increased recently. It is known that OPCS guidelines on the reporting of minor abnormalities such as patent ductus arteriosus in premature babies, undescended testicles etc, are not clearcut, which could account for some of the observed underreporting in this district. Some doubt must be cast therefore on the results, but the conclusions based on the existing data are sound.
The last possible flaw lies in the babies who had to be excluded from the study. It seems likely that their geographic origin is spread through all the sub-districts of West Cumbria but certainty is not possible. The figures are small (2.2% of all births) and so a significant bias is unlikely. Two rare obstetric outcomes, namely hydatidiform mole and choriocarcinoma, have not been considered in the present work, but information on their incidence and geographic distribution is being sought.
We must therefore conclude that there is no good evidence to suggest a deleterious effect from Sellafield on local pregnancies but that miscarriage needs further investigation. Other studies have examined miscarriage rates near industrial plants or among workers' families in more detail and have convincing evidence that the incidence is higher there lO • ll • The Seascale results are not similarly convincing despite the observed cases exceeding those expected. The numbers are small as indicated by the wide confidence intervals, and great caution is needed in interpreting the data. Confounding factors as described above are such that the true Seascale miscarriage rates could be markedly different from that observed. The emotive potential of nuclear discharges into the environment is so great that further study to properly delineate associated miscarriage risks is essential. Our study still leaves the possibility that miscarriage rates near Sellafield are higher than expected. This must indicate a need to tighten and standardize the diagnostic criteria for miscarriage, and to carefully record the demographic factors surrounding each case of this obstetric outcome. Such measures must be incorporated into a prospective investigation of suitable duration. To get the best results a future prospective study should include all districts with nuclear installations and comparisons with other districts as controls.
The need for a suitable prospective investigation may be compared with the past controversy concerning the possible adverse effects of inhalation anaesthetics on pregnant operating theatre staffl 2 • Retrospective studies suggested a significant risk, but a number of prospective analyses revealed no evidence for concern.
Any retrospective epidemiological study may be thwarted by incomplete data but provided the possible flaws are acknowledged, it seems reasonable to use such data as can be retrieved. This study is mostly reassuring in that confident data concerning premature births; small for dates births, stillbirths, neonatal deaths and congenital malformations over an 11 year period reveal no evidence of adverse obstetric outcomes through proximity to Sellafield.
